Although black bears (Ursus americanus) were believed to be extirpated from the Interior Highlands of North America by the early 1900s, populations have recently recovered, aided in part by reintroductions in Arkansas. Today black bears can be found in the Ozark and Ouachita National Forests of northern and western Arkansas, the White River National Wildlife Refuge in eastern Arkansas, and the Ozark region of southern Missouri. Previous genetic studies have investigated the effects of translocating black bears from Minnesota and Manitoba, Canada, into the Ozark and Ouachita National Forests between 1958 and 1968, with differing results. We used nuclear microsatellite loci to infer the genetic structure of black bears across the Interior Highlands and to investigate the sources of bears found today in southern Missouri. Our results suggest that the Ozark population was strongly influenced by the reintroductions, whereas the Ouachita population was influenced to a lesser degree. Although the majority of bears in the Ozark region of Arkansas and Missouri represent a single genetic unit, bears in Webster County, Missouri, may represent a remnant of the historical population of the region. Our results confirm that the bear population in the White River National Wildlife Refuge is strongly differentiated genetically from other Arkansas populations and support previous reports that the Ouachita bear population may have resulted from an admixture of a remnant population and reintroduced bears. The historical range of the American black bear (Ursus americanus) included most of the forested regions of North America and Mexico (Pelton 2003) . The prominence of this species in Native American culture and legends (Rockwell 1991) as well as records from European explorers and settlers (Schoolcraft 1821) suggest that the south-central United States had a large black bear population. Black bears were used by early settlers for meat, fat, and skins, and were killed more commonly than any large mammal other than deer (McKinley 1962) . Black bear range in the south-central United States was severely reduced by the late 1800s, as forests were systematically logged and cleared for railroad ties, homesteads, and agriculture (Korte and Fredrickson 1977; Smith and Petit 1988) . Presumably due to habitat reduction and overharvest, populations of black bears decreased dramatically in the Interior Highlands of Missouri, Arkansas, and Oklahoma.
The historical range of the American black bear (Ursus americanus) included most of the forested regions of North America and Mexico (Pelton 2003) . The prominence of this species in Native American culture and legends (Rockwell 1991) as well as records from European explorers and settlers (Schoolcraft 1821) suggest that the south-central United States had a large black bear population. Black bears were used by early settlers for meat, fat, and skins, and were killed more commonly than any large mammal other than deer (McKinley 1962) . Black bear range in the south-central United States was severely reduced by the late 1800s, as forests were systematically logged and cleared for railroad ties, homesteads, and agriculture (Korte and Fredrickson 1977; Smith and Petit 1988) . Presumably due to habitat reduction and overharvest, populations of black bears decreased dramatically in the Interior Highlands of Missouri, Arkansas, and Oklahoma.
Aside from a possible remnant population remaining in what became the White River National Wildlife Refuge (hereafter the Refuge) in eastern Arkansas, black bears were presumed extirpated from the Interior Highlands by the early 1900s (Smith and Clark 1994; Smith et al. 1991) .
From 1958 to 1968, the Arkansas Game and Fish Commission reintroduced 254 black bears obtained from Minnesota and Manitoba, Canada, to the Ozark and Ouachita National Forests in Arkansas (Rogers 1973; Smith et al. 1991) . Since the late 1960s, the Arkansas black bear population has increased to .2,500 bears (M. Means, Arkansas Fish and Game Commisssion, pers. comm.), suggesting that the w w w . m a m m a l o g y . o r g 369 reintroduction was one of the most successful ever (Smith and Clark 1994) . By the 1980s, evidence of a black bear population in southeastern Oklahoma was recorded, likely as a result of bears expanding their range westward from the Ouachita Mountains in Arkansas (Bales et al. 2005; Brown 2008; Gardner-Santana 2007) . In Missouri, bear sightings increased during the late 1980s, as did nuisance reports, especially in the southern counties of the state (Titus et al. 1993) . Although sightings of females with cubs have increased in Missouri, confirming the presence of a reproductive bear population (Missouri Department of Conservation 2008), little is known about its size and distribution. This study was a part of an initial effort to gather data on the contemporary population of black bears in Missouri.
Several studies have investigated the genetic impacts of the Arkansas reintroductions on black bears in the Interior Highlands and Louisiana. Miller et al. (1998) used DNA fingerprinting to investigate genetic similarities between bears in Louisiana and Arkansas to each other and to bears in Cook County, Minnesota, one of the sources for bears translocated to both states. Their results indicated that bear populations in Arkansas and Louisiana were more genetically similar to each other than to bears from Minnesota, leading them to conclude that the reintroductions in both states had minimal genetic impacts. In contrast, Warrillow et al. (2001) and Csiki et al. (2003) used microsatellite loci to study these populations and concluded that the inland Louisiana, Ozark, and Ouachita populations were largely derived from the reintroduced bears. Using mitochondrial DNA (mtDNA) control region sequences, Van Den Bussche et al. (2009) found that both the Ozark and Ouachita populations were strongly influenced by the reintroductions, whereas Louisiana populations were affected little. Further, Van Den Bussche et al. (2009) concluded that today's black bear population in southeastern Oklahoma was a result of dispersal from the Ozark and Ouachita bear populations and from a possible remnant population that avoided extinction.
Of particular concern has been the possible effect of the reintroductions on the distinctiveness of the bears in the Refuge in eastern Arkansas. Evidence suggests that this is a genetically distinct population (Csiki et al. 2003; Miller et al. 1998; Warrillow et al. 2001 ) that is more closely affiliated with populations of the threatened subspecies U. a. luteolus (Van Den Bussche et al. 2009; Warrillow et al. 2001) found in Louisiana, than with other Arkansas bear populations. The distinctiveness of the Refuge bears has important conservation implications, because the management plan for the population is sensitive to the subspecific designation (Warrillow et al. 2001) .
Although the study by Van Den Bussche et al. (2009) shows the clearest picture of genetic structure for black bears in the south-central United States, their work was based solely on mtDNA and did not include individuals from Missouri. The contemporary population of black bears in Missouri could be the result of natural recolonization by dispersing individuals from Arkansas. Alternatively, it could represent a slowly recovering population of native Missouri bears, similar to bear populations in eastern Arkansas and Louisiana (Csiki et al. 2003; Triant et al. 2004; Warrillow et al. 2001 ). Here we examine a larger number of samples from the Ozark and Ouachita populations than previous studies to infer the genetic structure of black bears in the Interior Highlands using nuclear microsatellite loci, and investigate the origins of black bears found today in Missouri. We also seek to determine if data from nuclear loci support the suggestion of Van Den Bussche et al. (2009) that there was a historical remnant bear population in western Arkansas. We hypothesized that the contemporary Missouri bear population has resulted from the dispersal of bears from Arkansas after the reintroduction, and that the Ouachita bear population contains an admixture of remnant and introduced genotypes.
MATERIALS AND METHODS
Collection of DNA in Missouri and Minnesota.-In Missouri, hair, blood, or other tissues were collected by Missouri Department of Conservation biologists from nuisance bears that were trapped and relocated or from road-killed bears. Hair snares (Woods et al. 1999 ) were used at locations at which bear activity had been reported near Eminence, Ellington, and Seymour, Missouri. At the Eminence and Ellington sites, hair samples were collected weekly from 60 snares over a 6-week period from July to August 2007. Hair snares were placed at least 1.6 km apart along forest trails. Hair samples from the Seymour (Webster County) site were collected from 123 snares weekly for 3 weeks in August 2007. All hair collection procedures were approved under University of Missouri Animal Care and Use Committee protocol 6740 and were in accordance with guidelines approved by the American Society of Mammalogists (Sikes et al. 2011) . Hair samples from 9 Minnesota bears were obtained from Minnesota Department of Natural Resources biologists. Hair samples were stored dry in brown paper envelopes until DNA was extracted.
Extraction of DNA and genotyping of bears from Missouri and Minnesota.-In a laboratory free of amplified DNA, hair follicles were cut from the hair shaft and placed in 1.5-ml microcentrifuge tubes and DNA was extracted using the InstaGene (Bio-Rad Laboratories, Hercules, California) protocol of Eggert et al. (2005) . DNA from blood and tissue samples was extracted using the DNeasy Blood and Tissue Kit (Qiagen, Valencia, California) as per the manufacturer's protocol.
The DNA samples were analyzed using 6 microsatellite loci: G1A, G10B, G10L (Paetkau and Strobeck 1994) , G10C, G10M (Paetkau et al. 1995) , and G10J (Paetkau et al. 1998) , which represent the common loci genotyped between our study and those genotyped by Wildlife Genetics International (Nelson, British Columbia, Canada) for the Ouachita population for author DW and the Refuge population for author JDC. Primers were redesigned and fluorescently labeled as described in Kristensen et al. (2011) in order to amplify smaller products that included the entire microsatellite region but less of the flanking region. Single-locus amplifications were performed in an Eppendorf Mastercycler ep gradient S (Eppendorf International, Hauppauge, New York) in 25-ll volumes including: 1x PCR gold buffer (Applied Biosystems, Foster City, California), 0.2 mM of deoxynucleoside triphosphates, 0.4 mM of each labeled forward and unlabeled reverse primer, 2 mM of MgCl 2 , 6 mM of bovine serum albumin (Ambion, Austin, Texas), 1 U of AmpliTaq Gold (Applied Biosystems), and 5 ll of extracted DNA. The thermal profile included 1 denaturation cycle of 958C for 10 min, followed by 45 cycles of denaturation at 958C for 1 min, primer annealing at primer-specific temperatures (Kristensen et al. 2011 ) for 1 min, and elongation at 728C for 1 min, and 1 final elongation cycle of 728C for 10 min. All reactions included a positive control sample to standardize allele scoring and a negative control to detect contamination of the polymerase chain reaction. Fragment analysis was performed at the University of Missouri DNA Core Facility in a 3730XL DNA Analyzer (Applied Biosystems) with a Liz 600 size standard. Genotype results were scored using GENEMARKER (SoftGenetics LLC, State College, Pennsylvania). Genotypes were confirmed for each individual in at least 2 independent reactions for heterozygotes and 3 for homozygotes. Confirmed genotypes were compared by eye and only those that were unique were carried forward in the analyses.
Genetically sexing bears from Missouri and Minnesota.-After testing several published sexing methods (Aasen and Medrano 1990; Carmichael et al. 2005; Durnin et al. 2007; Taberlet et al. 1997; Woods et al. 1999; Yamamoto et al. 2002) and obtaining inconsistent results for Missouri bear samples of known sex, we designed a novel bear sexing technique using variation at a BslI restriction site in exon 5 of the amelogenin genes of U. americanus (accession AY171040 for AmelX and AY171047 for AmelY). Bases 141-243 were amplified using the AmelXY primers (forward: 5 0 -GCCACAGCCACCTCT GC-3 0 ; reverse: 5 0 -CCGCTTGGTCTTGTCTGTTG-3 0 ) and the polymerase chain reaction protocol as described for microsatellite amplifications with an annealing temperature of 628C. The BslI site was located at bases 201-211 with a polymorphism at 210. Because AmelX contains the BslI site, both copies in females are digested to produce 2 bands, whereas the single AmelX copy is digested in males, resulting in 3 bands. After confirming successful amplification, 4-8 ll was digested with BslI at 558C for 2 h and separated in a 3% agarose gel. This method accurately determined the sex of 14 (n ¼ 4 males and 10 females) known-sex black bears. Sex was confirmed in at least 2 independent reactions.
Genotypes for the Ozark and Ouachita National Forests, White River National Wildlife Refuge, and Manitoba.-Bear genotypes from the Ozark population (n ¼ 40) were obtained by authors TVK and DW as part of their study of population dynamics of black bears in the White Rock Management Area. Samples were obtained from hair snares over a 6-week period in June-July 2009, and stored dry at room temperature in paper envelopes containing silica beads. DNA extraction and multiplex microsatellite genotyping were performed using the protocols in Kristensen et al. (2011) and results were scored against the same control sample used for the Missouri and Minnesota samples.
Bear samples from Ouachita (n ¼ 41), the Refuge (n ¼ 11), and Manitoba (n ¼ 9) were genotyped by Wildlife Genetics International; genotypes were provided by authors DW, JDC, and JB, respectively. Wildlife Genetics International calibrated all black bear microsatellites against the same standards, thus the results for every black bear that they have genotyped can be compared directly. Three samples from the Ouachita population were genotyped and scored along with samples from Missouri and Minnesota to standardize and calibrate those data sets with scores from Wildlife Genetics International.
Data analysis.-We used GENEPOP on the Web 4.0 (Raymond and Rousset 1995) to test for deviations from expected genotype frequencies under Hardy-Weinberg equilibrium, linkage disequilibrium, and to compute allelic diversity and expected and observed heterozygosity. We tested for differences in observed heterozygosity among populations using a Kruskal-Wallis test. When overall differences were detected, we examined pairwise differences using MannWhitney tests with a Bonferroni corrected value of P ¼ 0.008 as a threshold for significance. HP-Rare 1.0 (Kalinowski 2005) was used to determine overall and private allelic richness after adjusting for sample size differences. We calculated genetic distances (F ST s) between populations and determined their significance using permutation tests in Arlequin 3.11 (Schneider et al. 2000) .
To further assess population structure, we used a Bayesian clustering analysis in STRUCTURE 2.3.2 (Pritchard et al. 2000) with the following specifications: admixture model, K ¼ 1-8, burn-in length ¼ 10,000, and number of repetitions ¼ 100,000. We used the methods of Evanno et al. (2005) to determine the most statistically significant number of genetic clusters (K). The results of individual assignments in STRUCTURE were examined at the 50-70% and .70% levels. BOTTLENECK 1.2.02 (Cornuet and Luikart 1997) was used to determine the probability that any of the bear populations had suffered from a recent reduction in effective population size. We used the stepwise mutation model and both the sign test and the Wilcoxon signed-ranks test (1,000 iterations) to evaluate the significance of the results.
RESULTS
We included genotypes from 132 individual black bears from Missouri, Arkansas, Minnesota, and Manitoba in this study (Fig. 1) . Although we initially assumed that all Missouri samples represented a single population, results from the Bayesian clustering analyses (see below) suggested that they came from 2 genetic groups. Based on that, we analyzed the data from Webster County separately from other Missouri samples.
The mean number of alleles per locus within populations ranged from 2.0 to 7.0 ( Analyses in STRUCTURE produced results similar to the F ST -tests, and the DK statistic suggested that there were 5 genetic clusters within this region ( Fig. 2; Table 3 ). We analyzed the STRUCTURE results in more depth by examining the assignments of individual bears at the 50-70% and .70% levels (Table 4) . Cluster 1 included all bears from the Refuge; the 2 other genotypes that assigned to this cluster were sampled in Arkansas. Cluster 2 included 32 of the 41 bears from the Ouachita population. Two bears from FIG. 1.-Collection sites for black bear (Ursus americanus) samples: Manitoba, Canada (Man, sites 1-9, n ¼ 9); Minnesota (MN, sites 10-12, n ¼ 9); Webster County, Missouri (WebCo, site 13, n ¼ 11); Missouri counties (MO, sites 14-19, n ¼11); Ozark National Forest, Arkansas (Oz, site 20, n ¼ 40); Ouachita National Forest, Arkansas (Ou, site 21, n ¼ 41); and White River National Wildlife Refuge, Arkansas (WRNWR, site 22, n ¼ 11).
Minnesota assigned to this cluster at the 50-70% level, as did 1 from Manitoba at the .70% level. Cluster 3 included 9 of the 11 bears from Webster County, as well as 1 from Missouri (not Webster County) at the .70% level and 1 from Ouachita, at the 50-70% level. Cluster 4 included 6 of the 9 bears from Manitoba as well as bears from every other sampling site except the Refuge. Cluster 5 included 6 of the 11 bears from Missouri (excluding Webster County) as well as 29 of the 40 bears from the Ozark population, 3 bears from Minnesota, and 1 from Manitoba.
We did not find strong evidence for significant recent reductions in effective population sizes for any of the populations using the sign test or the Wilcoxon signed-ranks test (Table 5 ). However, tests for bears in Missouri (excluding Webster County; sign test P ¼ 0.532, Wilcoxon 2-tailed P ¼ 0.078) and Webster County (sign test P ¼ 0.171, Wilcoxon 2-tailed P ¼ 0.078) approached significance. The sign test (P ¼ 0.043), but not the Wilcoxon 2-tailed test (P ¼ 0.109), was significant for the Ouachita population.
DISCUSSION
Our comparisons of black bear genomes from Minnesota and Manitoba with those in the Ozark and the Ouachita National Forests confirmed earlier reports (Csiki et al. 2003; Warrillow et al. 2001 ) that both populations were influenced by the reintroductions, although to different extents. We found that most bears in the Ozark region of Arkansas and Missouri represent a single population, supporting our hypothesis that the Missouri bear population has resulted from the dispersal of bears from Arkansas following the reintroduction. Bayesian clustering analyses, however, revealed a genetically distinct group of bears in Webster County that exhibited low genetic diversity, suggesting that this group of bears is currently isolated from other populations.
Evidence of reintroduction and range expansion in the Ozark region.-Both the genetic distance estimates and the results of our analysis in STRUCTURE indicate that Ozark bears are genetically similar to bears in Minnesota and Manitoba, confirming earlier reports that this population was strongly affected by the reintroductions. Thirty-three of the 40 Ozark bears assigned to either cluster 4 or 5. These 2 clusters were most strongly associated with bears from the source populations, because they include 6 of the 9 bears from Minnesota and 7 of the 9 bears from Manitoba.
The Missouri bear population (excluding Webster County) was genetically indistinguishable from the Ozark bear population, suggesting movement of bears from Arkansas into Missouri following the reintroduction. Eight of the 11 sampled bears assigned to cluster 4 or 5 along with the majority of the Ozark bears and the source populations in Minnesota and Manitoba. This scenario is further supported by the malebiased sex ratio in the Missouri bear population, suggesting that this is an ongoing process, because young male black bears commonly disperse (Costello et al. 2008; Rogers 1987) . In addition to the indirect genetic evidence, there is direct (Mock et al. 2004; Sigg 2006) , allelic diversity and heterozygosity levels in bears from the Ozark and Missouri populations did not differ from each other or from their source populations. In a somewhat similar study, a translocated population of black bears in the San Bernardino Mountains of California also was found not to have significantly lower heterozygosity or allelic richness than its source population in Yosemite National Park (Brown et al. 2009 ). The results of that study were surprising, because only 28 bears were released in the San Bernardino Mountains over a 1-year period in 1935. We believe our results are less surprising, because 254 bears from Minnesota and Manitoba were released into the Ozark and Ouachita National Forests over an 11-year period from 1958 to 1968 (Burghduff 1935; Smith and Clark 1994) . The relatively large number of translocated individuals as well as the number and timing of the releases may have resulted in a substantial amount of the genetic diversity of the source populations being represented in the bears translocated to Arkansas.
Our finding that the black bear population in Missouri, which represents a relatively recent recolonization of native habitat, does not display lower diversity than the Ozark bear population (Brown et al. 2009 ) suggests that there is ongoing movement or gene flow, or both, from Arkansas into Missouri. Our results are similar to those of Onorato et al. (2007) , who found that an expanding population of black bears in Texas demonstrated high genetic diversity and moderate genetic structuring due to bidirectional gene flow between the source and the site of expansion.
Mixing of remnant and introduced bears in the Ouachita National Forest.-The effects of the reintroductions differed between the Ozark and Ouachita bear populations. Despite the proximity of the 2 populations, Ouachita bears were genetically differentiated from all other bear populations we studied, including the source populations (F ST ¼ 0.043-0.296). Thirtytwo of 41 individuals assigned to cluster 2 along with 2 bears from Minnesota and 1 from Manitoba. These results suggest that the Ouachita bear population was affected by the reintroductions to a lesser degree than the Ozark population. There was weak support for a genetic bottleneck in this population, because the sign test was marginally significant.
Our results, using nuclear microsatellites, support the previous suggestion of Van Den Bussche et al. (2009) that there may have been a remnant population in the Ouachita region, which has since admixed with reintroduced bears. They Fig. 1 ; genotypes are shown on the x-axis and cluster assignment percentages on the y-axis (cluster 1 ¼ red; cluster 2 ¼ green; cluster 3 ¼ blue; cluster 4 ¼ yellow; cluster 5 ¼ purple). also may help explain the difficulty of Warrillow et al. (2001) in assigning the Ouachita bear population to either their ''northern-type'' or ''southern-type.'' Differential effects of the reintroduction on the Ozark and Ouachita populations may have been reinforced by isolation. Numerous movement barriers, including Interstate 40 and the city of Fort Smith, Arkansas, probably slow gene flow between the Ozark and Ouachita populations. Such barriers do not exist to the west, however, and previous studies have suggested that bears from the Arkansas Ouachita population may disperse into eastcentral Oklahoma (Bales et al. 2005; Van Den Bussche et al. 2009 ).
In addition to the genetic data discussed above, additional evidence exists that supports our contention that there were differential effects of the reintroduction on the Ozark and Ouachita bear populations. The available records indicate that there were 2 releases in the Ozarks and only 1 in the Ouachitas (Smith and Clark 1994) . Approximately 20% of black bears from the source populations were brown color morphs (Rounds 1987) . Although Smith and Clark (1994) found that 22% of the Ozark bears are brown, they reported that the brown color morph is rare in the Ouachitas.
Unique bear population in the White River National Wildlife Refuge.-Our results from the Refuge are consistent with those of previous studies that found that the bear population on the Refuge was highly divergent from other bear populations in Arkansas and had low genetic diversity (Csiki et al. 2003; Van Den Bussche et al. 2009; Warrillow et al. 2001) . All 11 bears assigned to cluster 1 along with a male bear sampled in the Ozark population and a male sampled in the Ouachita population. Thus, the only evidence of movement or gene flow we found involved males that may have dispersed from the Refuge population into the other bear populations in Arkansas. Although the Refuge bear population may have experienced a population bottleneck of approximately 25 individuals in the 1940s (Clark et al. 2010 ), we did not detect any evidence of a genetic bottleneck.
Unique bear population in Webster County, Missouri.-Our results suggest that bears in the Ozark region of Arkansas and Missouri represent a single population with the exception of the Webster County bears. Both the genetic distance (F ST ) and STRUCTURE analyses suggest that bears in Webster County are genetically distinct from all other populations included in this study, being similar to the bear population in the Refuge only in that both populations exhibit significantly low levels of genetic diversity and high levels of genetic differentiation from all other bear populations sampled. Further, it appears that bears in Webster County were not strongly affected genetically by the reintroduction, because 9 of the 11 bears assigned to cluster 3, which does not include individuals from either of the source populations. The remaining 2 bears assigned to clusters 4 and 5, which were most strongly associated with bears from the Ozarks and source populations. Both of those bears were males, suggesting gene flow into, but not out of, Webster County. These results suggest that bears in Webster County may represent a remnant of the historic Missouri population of U. a. americanus. Although it appears to be isolated today, there are no obvious barriers to dispersal between this population and other populations in the Ozarks. A more intensive study in the southern counties of Missouri will be needed to determine the genetic structure of Missouri bear populations.
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